Kinetics and specificity of human liver aldehyde dehydrogenases toward aliphatic, aromatic, and fused polycyclic aldehydes.
Human mitochondrial aldehyde dehydrogenase (ALDH-2) has a Km for acetaldehyde that is 900-fold lower than that for the cytosolic isozyme, ALDH-1. An increase in aliphatic aldehyde chain length decreases the ALDH-2 Km by up to 10-fold but decreases that of ALDH-1 by 5 orders of magnitude. As a consequence, the Km of ALDH-1 for decanal is 8 times lower than that of ALDH-2, i.e. 2.9 +/- 0.4 and 22 +/- 3 nM, respectively. Determination of these low Km values required kinetic analysis of the simultaneous enzymatic conversion of two aldehyde substrates, an approach also applied to aromatic and fused polycyclic aldehydes. For most of these substrates, maximum velocities are 5-100 times lower than those for acetaldehyde. Addition of one of these tight-binding, slow-turnover substrates to a reaction mixture containing ALDH, NAD+, and a "reference" aldehyde substrate (e.g. acetaldehyde) blocks the principal (reference) enzymatic reaction temporarily and reversibly. Once the first substrate is converted to product, the enzyme can act on the reference substrate. In terms of apparent affinity and blocking capacity, naphthalene and phenanthrene aldehydes were the most potent effectors. Other aromatic and fused polycyclic and heterocyclic aldehydes, as well as derivatives of coumarin, quinoline, indole, and pyridine, are tight-binding, slow-turnover substrates for ALDH-2 and relatively weak inhibitors of ALDH-1. The hydrophobicity of substituents of benzaldehydes, and particularly of naphthaldehydes, correlates with their binding constants toward ALDH-2. Vitamin A1 aldehydes are specific natural substrates for ALDH-1; at pH 7.5, for all-trans- and 13-cis-retinal, Km = 1.1 and 0.37 micromolar, respectively, and kcat/Km is 50-100 times higher than that for acetaldehyde. At the same time, the retinals are inhibitors of ALDH-2, all-trans-retinal being a particularly potent inhibitor (competitive Ki = 43 nM, noncompetitive Ki = 316 nM). These properties suggest that all-trans-retinal is a possible regulatory compound for ALDH-2 in vivo. The data in general point to specialized roles for both major human liver ALDH isozymes in the oxidation of bulky/hydrophobic natural compounds, with Km values in the low nanomolar range.